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This	 project	would	 not	 have	 been	 possible	without	 the	 generous	 assistance	 of	many	 individuals.	 Our	
grateful	recognition	goes	to	our	client	Doug	Kenney	for	agreement	to	work	with	us,	his	knowledge	of	the	

























































































































































Table	 17.	 Number	 of	months	 requiring	 firming	 purchases	 for	 each	 of	 the	 elevations.	 Shown	 for	 both	
maximum	and	minimum	generation	scenarios	assuming	Glen	Canyon	contributes	varying	amounts	
of	SHP	between	70	and	80	percent).	..................................................................................................	59	




























Figure	 10.	 Historical	 Colorado	 River	 water	 consumptive	 use	 and	 loss	 by	 state,	 Mexico,	 reservoir	
evaporation,	and	other	losses,	1971-2010	(USBR	2012e)	..................................................................	19	

























































































show	 that	 the	 Southwest	 could	 witness	 extended	 and	 drastic	 dry	 (and	 wet)	 conditions	 that	 have	





















Lower	Basin,	and	 therefore	 tailored	 to	 the	specific	policies	and	geographic	 considerations	 that	 impact	
water	delivery,	recreation,	and	hydropower	associated	with	Lake	Mead	and	Hoover	Dam.	
A	 companion	 study	 to	 The	 Bathtub	 Ring	 report	 is	 needed	 to	 understand	 the	 implications	 of	 chronic	
shortages	in	Lake	Powell	and	to	comprehensively	consider	impacts	across	the	entire	Colorado	River	Basin.	














body	 of	 laws	 dictating	 management	 provides	 some	 certainty	 as	 to	 how	 curtailments	 would	 be	
implemented	among	the	Upper	Basin	states.	Such	curtailments	would	be	legally	complicated	and	difficult	
to	enact,	and	 thus,	decision-makers	have	 focused	 their	efforts	on	avoidance	strategies	 to	prevent	 the	
need	for	curtailments	altogether.		
To	this	end,	many	collaborative	efforts	are	underway.	The	Upper	Colorado	River	Commission	and	the	four	
Upper	Basin	 states	are	 jointly	active	 in	creating	contingency	plans	 to	keep	Lake	Powell	 from	dropping	
below	the	level	necessary	to	produce	hydropower.	The	contingency	plans,	currently	in	draft	phase,	include	
efforts	 to	move	water	 from	 upstream	 reservoirs	 in	 the	 Upper	 Basin	 to	 sustain	 levels	 at	 Lake	 Powell,	
augment	 the	 hydrologic	 system	 such	 as	 through	 cloud	 seeding	 and	 the	 removal	 of	 highly	 water	
consumptive	vegetation,	and	employ	demand	management	strategies	focusing	on	storing	“saved”	water	
in	Lake	Powell	(Colorado	River	District	n.d.).	While	action	is	underway	to	help	prevent	Lake	Powell	from	












reservoir	 levels:	 water	 supply,	 hydropower,	 the	 environment,	 and	 recreation.	Where	 appropriate	 we	
chose	to	mimic	the	analyses	completed	for	Lake	Mead	in	the	first	report.	We	also	considered	important	
differences	between	the	Upper	and	Lower	Basins	to	inform	a	modified	approach.	Similarly,	we	tailored	
scope	 and	 methods	 that	 were	 relevant	 to	 each	 individual	 section	 of	 this	 report.	 We	 found	 that	 the	
availability	 of	 information	 and	 data	 differed	 across	 subject	 areas	 and	 therefore	 some	 sections	 of	 this	
report	are	entirely	qualitative	while	others	incorporate	quantitative	analyses.		
Below	 are	 brief	 summaries	 and	 objectives	 of	 the	 individual	 sections	 that	 follow.	 Specific	 background,	
methods,	and	results	can	be	found	within	each	individual	section.		

















Some	 of	 these	 regulations	 are	 consistent	 across	 the	 basin,	 but	 many	 vary.	 Our	 first	 objective	 is	 to	
determine	how	Glen	Canyon	Dam	power	is	marketed.	This	is	an	essential	component	of	determining	how	
customers	could	be	impacted	if	power	generation	decreases.	For	our	analysis,	we	relied	heavily	on	publicly	




Our	 second	 objective	 is	 to	 predict	 the	 range	 of	 potential	 cost	 increases	 if	 certain	 key	 elevations	 are	
reached	in	the	reservoir.	We	develop	a	model	using	information	from	the	USBR	on	the	power	generation	


















conditions.	Managers	 who	 create	 and	 enforce	 programs	 and	 policies	 are	 tasked	with	 reconciling	 the	
multiple	and	sometimes	competing	demands	of	diverse	stakeholder	groups.	Understanding	the	ecological	
impact	of	 those	management	decisions	 is	 the	 focus	of	 this	 section.	By	analyzing	 the	 impact	on	native	
species	as	well	as	the	challenges	of	dealing	with	sediment	and	salinity,	we	begin	to	see	the	compounding	
environmental	 issues	 that	 developed	 as	 a	 result	 of	 dam	 construction.	 We	 also	 assess	 how	 a	 more	























during	 times	 of	 drought	 while	 preventing	 water	 users	 from	 hoarding	 unused	 water	 so	 that	 water	 is	
available	to	as	many	water	rights	holders	as	possible	(Wilkinson	1989).	Generally	speaking,	senior	water	
rights	 holders	 in	 the	 American	 West	 are	 apportioned	 to	 agricultural	 uses,	 reflecting	 the	 agricultural	
livelihoods	of	homesteaders	 in	 the	1800’s.	Referred	 to	as	present	perfected	water	 rights,	 these	water	
rights	were	obtained	before	the	signing	of	the	1922	Colorado	River	Compact	and	have	been	given	highest	
priority.	Today	the	prior	appropriation	system	ensures	that	many	of	the	more	recent	urban	users	in	the	







basin	while	Article	 III(b)	 allows	 the	 Lower	Basin	 to	 increase	 its	 consumptive	 use	 by	 an	 additional	 one	
MAF/YR	as	supplies	allow.	The	1922	Compact	also	left	room	for	a	later	allocation	defined	in	the	Mexican	















Basin’s	 average	 flow	 is	 actually	 significantly	 less	 at	 approximately	 15	MAF	 (NRC	 2007),	 resulting	 in	 a	
potential	allocation	shortfall	between	1.5	and	2.5	MAF.		




the	 administrative	 agency	 to	 manage	 the	 interstate	 apportionment	 in	 the	 Upper	 Basin	 (US	
Congress	80).	The	Upper	Colorado	River	Basin	Compact	of	1948	also	provides	some	certainty	as	
to	how	a	compact	call	would	be	implemented	among	the	Upper	Basin	states.	Any	Upper	Basin	
state	 that	used	more	water	 than	 they	are	entitled	under	 the	1922	Compact	 	 and	Upper	Basin	
Compact	must	deliver	that	amount	to	Lee’s	Ferry	before	any	other	Upper	Basin	state	is	curtailed.	
If	 no	Upper	 Basin	 state	 has	 exceeded	 their	 compact	 apportionment,	 then	Upper	 Basin	 states	
either	face	curtailments	proportional	to	their	consumptive	uses	in	the	prior	year,	or	curtailments	












Basin	 states’	 ability	 to	develop	 their	 full	 7.5	MAF	apportionment.	 These	 storage	projects	hold	
surplus	water	 captured	 during	wet	winters	 for	 use	 in	 dry	 years	when	 supplies	 are	 low.	Most	
































Secretary	 of	 the	 Interior	 is	 required	 to	 present	 a	 report,	 called	 the	Annual	 Operating	 Plan	 (AOP),	 to	
Congress	and	the	Governors	of	the	seven	basin	states	detailing	the	current	hydrologic	conditions	of	the	
Colorado	River	Basin,	the	releases	made	from	reservoirs	over	the	past	operating	year,	and	the	projected	










































every	August	 is	of	special	 importance	because	 it	projects	reservoir	storage	 levels	 for	 January	1	for	the	
following	water	 year	 (the	 accounting	 for	 the	water	 year	 is	 October	 1-September	 30).	 This	 projection	
dictates	the	relevant	operational	tier	and	the	consequent	release	guidelines	to	ensure	that	Lake	Powell	
and	 Lake	Mead	 reservoir	 levels	 are	 equal	 (Figure	 4).	 Each	month	 the	USBR	 alters	 releases	 from	Glen	

































Water Supply  
Introduction 
Upper	 Basin	 tributaries,	 such	 as	 the	 Gunnison,	 Dolores,	 and	 Green,	 flow	 into	 the	 main	 stem	 of	 the	
Colorado	before	entering	Lake	Powell	in	Southern	Utah.	To	the	east,	the	San	Juan	River	joins	Lake	Powell	
at	what’s	referred	to	as	the	“San	Juan	Arm”.	Along	the	way,	water	users	throughout	the	Upper	Basin	divert	







Upper	 Basin	 states	 fulfill	 compact	 obligations	 to	 the	 Lower	 Basin,	 generate	 hydroelectric	 power,	 and	
create	recreational	opportunities.	Currently,	the	water	level	at	Lake	Powell	is	approximately	3,591	feet,	








While	 the	1922	Compact	 roughly	allocated	the	river	evenly	between	the	Upper	and	Lower	Basins,	 the	
Upper	Basin	has	not	fully	developed	their	apportionment.	The	Lower	Basin	states,	however,	use	close	to	
their	decreed	entitlement	due	to	traditionally	higher	demands	posed	by	a	region	with	higher	irrigation	
needs	 for	 agricultural	 production	 and	 bigger	 urban	 centers	 such	 as	 Las	 Vegas,	 Phoenix,	 Tucson,	 Los	






















Lower	Basin.	 In	order	 to	ensure	enough	water	 is	 in	 Lake	Powell,	USBR	and	 the	 seven	basin	 states	are	
engaged	in	drought	contingency	planning.	An	element	of	these	plans	that	will	directly	impact	Upper	Basin	
water	 supplies	 is	 “drought	 operations,”	 which	 involve	 additional	 water	 releases	 from	 Colorado	 River	
Storage	Project	dams	upstream	from	Lake	Powell.	It	is	important	to	maintain	hydropower	production	at	
Glen	Canyon	Dam	while	simultaneously	working	to	prevent	water	levels	at	Powell	from	becoming	so	high	
that	 dam	operations	 transition	 to	 a	 different	 operational	 tier	 pursuant	 to	 the	 Interim	Guidelines	 that	
consequently		“bumps	up”	releases	from	Powell	to	Mead	(Colorado	River	District	n.d.).	A	shift	to	a	higher	
operational	tier	would	mean	that	more	water	would	be	released	to	Lake	Mead	
Three	 separate	 but	 interrelated	 factors	 influence	water	 shortage	 challenges	 in	 the	Upper	Basin.	 First,	
hydrologic	factors,	such	as	climate	change	impacts	to	natural	flows	from	the	headwaters	of	the	Colorado	
River,	limit	locally	available	water	supply	in	Upper	Basin	states	as	well	as	inflow	to	Lake	Powell.	Second,	
social	 factors	 contribute	 to	 increased	demand	of	 the	Colorado	River	 such	as	population	 increases	and	
shifts	in	sectorial	water	use.	Lastly,	the	Law	of	the	River	promises	more	water	to	rights	holders	than	has	
actually	ever	been	available	(Kenney	et	al.	2011).	Given	a	fixed	obligation	to	the	Lower	Basin,	Upper	Basin	

























where	 the	years	between	2000	and	2015	were	 the	driest	16	years	 in	 the	past	100	years	 (OWDI	n.d.).	
Persistent	drought	conditions	and	climate	variability	could	continue	to	 impact	future	runoff	and	water	
























emissions	 are	 reduced	 or	 continue	 to	 rise,	 the	 Southwest	will	 experience	 an	 increase	 in	 temperature	












and	 streamflow”	 (NRC	 2007).	 Furthermore,	 a	 recent	 study	 by	 Woodhouse	 et	 al.	 examined	 the	




1°C	while	 changes	 in	 precipitation	 could	 range	between	−4	percent	 ±	 12	percent	 to	 −2.5	 percent	 ±	 6	
percent	 by	 mid-twenty-first	 century	 depending	 on	 the	 level	 of	 future	 greenhouse	 gas	 emissions.	






















Upper Basin Water Use  
Upper	 Colorado	 River	 Basin	 water	 supplies	 provide	 water	 for	 agricultural,	 municipal,	 industrial,	
recreational,	and	environmental	purposes	in	Colorado,	Wyoming,	Utah,	and	New	Mexico.	In	addition	to	
hydrologic	and	legal	factors,	specific	water	demands	in	each	of	the	Upper	Basin	states	create	water	supply	





























































More	 than	 two	 dozen	American	 Indian	 Tribes	 live	 on	 reservation	 lands	 that	 have	water	 rights	 to	 the	
Colorado	River	Basin	(Cozzetto	et	al.	2013)	amounting	to	more	than	2.9	MAF	(CRWUA	N.d.c).	Five	tribes,	
the	Jicarilla	Apache	Nation,	Navajo	Nation,	Southern	Ute	Indian	Tribe,	Ute	Indian	Tribe	of	the	Uintah	and	

















State Profiles  
Colorado		
The	main	stem	of	the	Colorado	River	emerges	from	the	Rocky	Mountains	of	Colorado	and	approximately	
75	percent	of	 the	water	 in	 the	entire	Colorado	River	Basin	originates	 from	 the	 state	 (Colorado	Water	
Conservation	Board	2015a).	The	Colorado	River	Basin	in	Colorado	includes	the	Yampa,	White,	Gunnison,	















Colorado’s	water	management	structure	 is	unique	 in	 that	 there	are	seven	water	courts	 in	each	of	 the	








portion	of	 Colorado	River	Water	 (US	Congress	 80).	 This	 translates	 to	 between	3.9	MAF/YR	under	 the	
formal	1922	Compact	hydrologic	apportionment	of	7.5	MAF,	and	3.1	MAF/YR	under	a	hydrologic	forecast	
of	6.0	MAF.	In	2010,	estimates	indicated	that	Colorado	consumptively	used	between	2.4	MAF/YR	to	2.6	
MAF/YR.	 The	 Statewide	Water	 Supply	 Initiative	 estimated	 that	 “about	 80	 percent	 [of	 the	 renewable	
water]	is	on	the	West	Slope	and	20	percent	is	on	the	East	Slope.	However,	about	80	percent	of	Colorado's	
























to	 public	 water	 supply	 infrastructure.	 Lastly,	 self-supplied	 industrial	 includes	 mining,	 manufacturing,	
brewing,	 and	 food	 processing	 industries;	 snowmaking;	 thermoelectric	 power	 generation	 at	 coal	 and	




















































the	Wyoming	 Board	 of	 Control,	 which	 adjudicates	Wyoming	 water	 rights	 (Wyoming	 State	 Engineer’s	
Office	 n.d.a).	 Additionally,	 the	 Interstate	 Streams	Division	 aids	 the	 State	 Engineer	with	 allocation	 and	
administration	 needs	 of	 streams	 subject	 to	 interstate	 compacts	 and	 court	 decrees	 (Wyoming	 State	


























year,	67,900	people	 lived	 in	 the	Green	River	Basin	of	Wyoming	 (USCB	2010).	 Irrigation	 for	agricultural	
purposes	 uses	more	water	 than	 any	 of	 the	 other	 economic	 sectors.	 Livestock	 production	 is	 the	main	
















industries	 that	 generally	 consume	groundwater	 supplies.	Natural	 gas	 is	Wyoming’s	 largest	 export	 and	




hunting,	 camping,	 golfing,	 and	 skiing,	 rely	 on	 adequate	water	 levels	 to	maintain	 recreational	 quality.	
Environmental	 water	 helps	 to	 enhance	 instream	 flows,	 minimum	 pools	 in	 reservoirs,	 wildlife	 water	
consumption,	threatened	and	endangered	species,	and	wetlands.	
A	significant	portion	of	water	that	benefits	the	environment	does	so	indirectly	as	a	byproduct	of	other	







































With	 regard	 to	 the	 Colorado	River	 Basin,	Utah	 is	 a	 state	 of	 confluences.	 The	Green	River	 crosses	 the	
Wyoming-Utah	 state	 line	 in	 northeastern	 Utah	 just	 before	 the	 Flaming	 Gorge	 Dam.	 Downstream	 the	
Duchesne,	White	and	Price	Rivers	merge	with	the	Green	before	it	meets	the	Colorado	River	in	southeast	
Utah.	 The	 San	 Juan	 River,	 flowing	 west	 from	 Colorado,	 joins	 Lake	 Powell	 in	 south-central	 Utah.	 The	
Colorado	River	Basin	in	Utah	is	broken	down	into	three	subbasins	in	the	eastern	portion	of	the	state:	the	
Uintah,	West	Colorado	River,	and	the	Southeast	Colorado	River	Basins	(Figure	20).	The	southwest	corner	




















the	 Governor’s	 Office	 of	 Management	 and	 Budget	 estimate	 that	 currently	 2.1	 million	 people,	 or	 75	











water	 use,	 but	 excludes	 uses	 by	 large	 industrial	 operations.	Water	 used	 for	 residential	 purposes	 and	
irrigation	 of	 residential	 vegetation	 is	 accounted	 for	 in	 the	 domestic	 use	 category.	 The	 power	 sector	































Additionally,	 in	 2006	 the	 Utah	 State	 Legislature	 passed	 the	 Lake	 Powell	 Pipeline	 Development	 Act	
authorizing	the	Utah	Board	of	Water	Resource	to	construct	the	Lake	Powell	Pipeline.	The	intention	is	for	
the	 pipeline	 to	 extend	 over	 139	 miles	 and	 transport	 up	 to	 86,000	 AF	 of	 water	 from	 Lake	 Powell	 to	
Washington	 and	 Kane	 Counties	 in	 southwest	 Utah	 as	 part	 of	 the	 state’s	Upper	 Colorado	 River	 Basin	
Compact	 allocation.	 Recent	 cost	 estimates	 from	 last	 November	 2015	 anticipate	 that	 the	 pipeline	will	
require	between	$1.1	billion	and	$1.8	billion	 in	 funding.	The	 final	price	 tag	will	become	more	clear	as	
additional	information	becomes	available,	including	the	route	that	is	deemed	favorable	by	the	pending	
Environmental	 Impact	 Statement	 (Utah	 Division	 of	 Water	 Resources	 n.d.).	 In	 January	 2016	 a	 state	
legislative	 committee	 voted	 in	 favor	 of	 a	 bill	 that	 would	 funnel	 $35	 million	 from	 a	 transportation	
33	|	LOOKING	UPSTREAM	


































river	 systems,	 engaging	 in	 interstate	 settlement	 negotiations,	 and	 ensuring	 interstate	 compliance.	
Accompanying	 the	 State	 Engineer,	 eight	 unsalaried	 commissioners	 are	 appointed	 by	 the	Governor	 to	
serve	on	the	commission.	Staff	working	for	the	commissioners	perform	stream	measurement	studies	to	






















The	public	water	 supply/domestic	 category,	diverting	27,700	AF/YR	 in	2010,	 includes	municipal	water	
systems	that	distribute	water	to	residential,	commercial	and	industrial	water	consumers.	Industrial	users	




natural	gas,	gravel,	water	and	metal	 is	 included	 in	the	mining	category,	which	diverted	1,600	AF/YR	 in	
2010.	 The	 reservoir	 evaporation	 category	 at	 29,900	 AF/YR	 in	 2010	 was	 calculated	 by	 measuring	 the	






















supplemental	 sources	 is	 nearly	 impossible	 (Flanigan	 and	 Green	 2016).	 Most	 groundwater	 resources	
throughout	the	region	are	saline	and	are	not	economically	practicable	to	develop	(NMOSE	2016).		
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Legal Factors  
As	mentioned	earlier	 in	 this	 report,	 the	Upper	Basin	has	an	obligation	under	 the	1922	Colorado	River	
Compact	to	make	available	75	MAF	in	any	10	year	running	average	of	Colorado	River	water	to	the	Lower	
Basin	 (NRC	2007)	and	 in	 some	years	an	additional	1.5	MAF/YR	 to	Mexico	 (Mexican	Water	Treaty	and	





Upper	 Basin	 junior	 water	 rights	 holders	 required	 to	 temporarily	 forego	 water	 use	 and	 diversions.	
Specifying	 which	 states	 are	 curtailed	 in	 the	 event	 of	 a	 compact	 call,	 and	 by	 how	 much,	 remains	
contentious.			
The	primary	legal	 issue	of	contention	is	conflicting	legal	terminology	in	the	1922	Compact	that	defines	











a	 requirement.	 Due	 to	 differences	 between	 how	 each	 Upper	 Basin	 state	 manages	 their	 water	 right	
systems	and	disagreement	about	how	curtailment	rules	work	in	the	event	of	a	compact	call,	curtailments	
could	 be	 legally	 complicated.	 In	 the	 event	 of	 a	 compact	 call,	 pre-compact	water	 rights	would	 not	 be	
























trigger	 shortages	 to	 water	 deliveries	 in	 the	 Lower	 Basin.	 Due	 to	 coordinated	 operations	
described	 in	 the	 Interim	 Guidelines,	 however,	 localized	 shortages	 in	 one	 basin	 may	 alter	
operational	guidelines	in	the	other.	
	
3. As	beneficiaries	of	an	upstream	reservoir,	 Lower	Basin	water	users	are	 required	 to	have	a	



































− Regional	 and	 localized	 models	 show	 increases	 in	 regional	 temperature,	 reductions	 in	
snowpack,	and	reductions	in	annual	runoff	and	streamflow.		































17	 years	 for	 its	 full	 capacity	 of	 over	 26	MAF	 to	 be	 reached,	making	 it	 the	 second	 largest	man-made	
reservoir	in	the	United	States	(Friends	of	Lake	Powell	n.d)	(again,	second	only	to	Lake	Mead,	above	Hoover	











also	 lost	 from	 the	 system	 via	 evaporation	 and	 seepage	 into	 the	 porous	 sandstone	 (Myers	2013).	 In	
addition	to	these	hydrological	factors	there	are	several	management	challenges	that	may	constrain	Glen	
Canyon	Dam’s	ability	to	produce	hydropower.	The	coordinated	action	of	Glen	Canyon	Dam	and	Hoover	








and	are	subject	 to	a	variety	of	 regulations,	 there	are	many	variables	 that	could	 influence	hydropower	
generation	and	its	associated	cost	in	the	event	of	drought.	While	much	of	this	information	is	known	and	













Background Information  
Glen	Canyon	Hydropower	Technical	Specifications	
The	 Glen	 Canyon	 Power	 Plant	 began	 generating	 power	 in	 1964,	 and	 by	 1966,	 all	 eight	 of	 the	 dam’s	








































below),	 and	 to	 avoid	 cavitation	 problems12 	with	 the	 generating	 turbines	 (Ostler	 2004).	 	 Below	 this	
elevation,	releases	from	the	dam	can	be	made	through	the	river	bypass	tubes	and	water	will	not	be	drawn	




















































the	 USBR.	 In	 1977,	 the	 Department	 of	 Energy	 Organization	 Act	 created	 the	 Western	 Area	 Power	
Administration	 (known	 as	 Western)	 and	 transferred	 the	 responsibility	 of	 power	 marketing	 and	 the	
operation	of	the	transmission	systems	from	the	USBR	to	Western.	Western	consolidates	CRSP	power	with	
the	power	generated	from	two	other	hydroelectric	projects	(the	Collbran	Project	in	Colorado	and	the	Rio	
Grande	 Project	 in	 New	 Mexico	 and	 Texas)	 and	 bundles	 it	 into	 a	 combined	 energy	 product	 known	
collectively	as	the	Salt	Lake	City	Area	Integrated	Projects,	often	identified	as	SLCA/IP	(USBR	2008d).	These	
power	generating	projects	make	up	the	SLCA/IP	marketing	area,	which	provided	power	for	the	SLCA/IP	





















address	 daily	 peak	 demand.	 When	 demand	 is	 greater,	 such	 as	 during	 the	 afternoon	 on	 a	 hot	 day,	







project	needs,	 known	as	project-use	power.	Project-use	power	 includes	 the	energy	 required	 to	pump	
water	at	 federal	 irrigation	projects	as	defined	by	 the	Federal	Power	Act.	Project-use	power	cannot	be	




preference	customers	 include	 state	and	 federal	 agencies,	water	and	 irrigation	districts,	municipalities,	
public	utility	districts,	American	 Indian	Tribes,	and	rural	electrical	cooperatives.	Western	must	sell	 this	
power	to	preference	customers	at	the	lowest	possible	rate	while	also	generating	enough	revenue	to	cover	
its	 repayment	 obligations,	 which	 include	 the	 project’s	 capital	 cost	 plus	 interest,	 irrigation	 assistance	
(beyond	the	ability	of	irrigators	to	pay),	operation	and	maintenance	costs,	salinity	control	costs,	as	well	
funding	 for	 certain	 environmental	 programs	 (Western,	 2012).	 Western	 conducts	 power	 repayment	
studies	in	order	to	determine	the	power	rate	for	preference	customers	that	will	allow	Western	to	meet	
their	 annual	 revenue	 requirement	 (USBR	 1995b).	 Once	 obligations	 to	 preference	 customers	 are	met,	









CRSP	 contracts	 have	 a	 20-year	 term	 and	 the	 current	 contracts	 extend	 until	 September	 30th,	 2024	
(Western	 n.d.d).	 The	 power	 generated	 by	 CRSP	 units	 is	 marketed	 to	 143	 preference	 customers	 at	 a	
guaranteed	contracted	rate	of	delivery	or	“CROD.”	The	CROD	is	the	maximum	energy	and	capacity	that	






































In	 order	 to	 meet	 the	 CROD,	 CRSP	 customers	 may	 purchase	 Western	 Replacement	 Power	 (WRP)	 or	
Customer	Displacement	 Power	 (CDP).	WRP	 represents	 additional	 purchases	made	 by	Western	 on	 the	












































Quantitative Analysis of Cost Changes 
Objectives	and	Challenges	


























conditions.	 Therefore,	 our	 analysis	 compares	 the	 potential	 cost	 increase	 of	 firming	 purchases	 as	
hydropower	generation	decreases	due	to	declining	reservoir	levels.	
Methods	










































developed	 the	 Colorado	 River	 Simulation	 System	 (CRSS)	which	 simulates	 reservoir	 conditions	 using	 a	
variety	of	inputs	such	as	various	environmental	factors	(like	inflow	and	evaporation),	reservoir	conditions,	







in	 order	 to	 account	 for	 the	 importance	 of	 climatic	 conditions	 and	 dam	 operations	 on	 hydropower	
generation.	The	two	scenarios	provide	bounds	for	the	extremes	in	climatic	conditions	within	the	basin	
and	dam	operations.	The	scenarios	model	monthly	hydropower	generation	and	reservoir	elevations	over	
the	 course	 one	 full	 water	 year14.	Multiple	 years	 of	 outputs	 were	 generated	 from	 a	 variety	 of	 varied	
conditions	(including	water	releases).	We	sought	out	elevations	for	the	month	of	January15	that	were	close	
to	our	four	elevations	(3675,	3625,	3575,	and	3525).	January	was	used	because	of	the	manner	in	which	



















		 3525	ft	 3575	ft	 3625	ft	 3675	ft	
		 Min	 Max	 Min	 Max	 Min	 Max	 Min	 Max	
October	 168,188	 166,527	 238,026	 184,442	 265,939	 262,919	 290,345	 988,042	
November	 172,915	 171,892	 236,716	 193,487	 264,246	 262,439	 289,718	 587,618	
December	 204,295	 204,045	 311,533	 232,748	 348,965	 348,203	 384,465	 271,062	
January	 215,465	 298,552	 285,422	 328,154	 345,541	 346,338	 382,944	 452,424	
February	 195,358	 224,448	 211,857	 244,904	 257,449	 280,436	 286,822	 571,794	
March	 171,140	 222,207	 210,878	 244,735	 256,148	 280,862	 286,528	 490,179	
April	 157,100	 220,814	 175,615	 246,603	 254,740	 261,808	 286,465	 464,912	
May	 156,646	 276,694	 211,161	 255,772	 253,253	 291,382	 288,141	 466,310	
June	 197,056	 336,867	 212,287	 290,549	 272,005	 372,590	 313,573	 980,670	
July	 303,600	 427,403	 281,268	 385,268	 350,650	 474,841	 407,945	 1,013,337	
August	 281,855	 461,641	 277,990	 402,453	 364,600	 498,117	 427,728	 806,791	
September	 135,400	 357,929	 206,455	 278,758	 252,409	 379,813	 297,550	 675,614	


































Since	Westerns	 firming	 purchases	 are	 generally	 made	 at	 peaking	 rates	 we	 calculated	 a	 ten-year	
average	of	peak	rates	 (2004/05	 -	2014/15	water	years)	and	used	that	as	our	base	rate	 for	 firming	
purchases.	 All	 dollar	 values	 are	 adjusted	 for	 inflation	 into	 2015	 dollars.	 Because	 prices	 on	 the	
wholesale	market	fluctuate	based	on	a	variety	of	factors	and	are	very	difficult	to	predict	we	chose	to	
incorporate	sensitivity	into	the	model	by	calculating	the	standard	deviation	for	each	month	during	the	




















October	 49.59	 16.87	 34%	
November	 49.44	 15.75	 32%	
December	 52.96	 20.01	 38%	
January	 58.29	 17.53	 30%	
February	 60.17	 18.19	 30%	
March	 54.51	 17.51	 32%	
April	 53.29	 19.83	 37%	
May	 54.31	 18.83	 35%	
June	 56.84	 20.18	 35%	
July	 68.28	 23.92	 35%	
August	 62.68	 17.40	 28%	








actually	 produced	 at	 the	 dam.	 Additionally,	 to	 fulfill	 full	 CROD	 allocations	 customers	 will	 have	






















Generation		 Elevation	(ft)	 70%	 72.5%	 75%	 77.5%	 80%	
Max	
3675	 1	 1	 1	 1	 1	
3625	 7	 8	 8	 8	 8	
3575	 10	 10	 10	 10	 11	
3525	 8	 8	 8	 9	 9	
Min	
3675	 6	 6	 7	 8	 8	
3625	 9	 10	 11	 12	 12	
3575	 12	 12	 12	 12	 12	
3525	 12	 12	 12	 12	 12	
		 		 		 		 		 		 		
Figure	 29	 shows	 the	 annual	 amount	 of	 hydropower	 generated	 in	 both	 maximum	 and	 minimum	




































Finally,	 mean	 values	 for	 each	 of	 the	 maximum	 and	 minimum	 hydropower	 scenarios	 at	 all	 four	
elevations	are	shown	below	(Figure	32).	As	can	be	seen,	under	maximum	hydropower	scenarios	the	














generation	 decreases	 dramatically,	 the	 federal	 power	 rate	 become	 more	 expensive	 than	 the	
wholesale	market	price.	In	this	case,	the	additional	cost	is	passed	on	to	the	customer,	who	is	obligated	
to	continue	purchasing	their	full	SHP	allocation	for	the	20-year	term	of	their	contract.	However,	this	














































aggregation	 of	 Glen	 Canyon	 power	 into	 the	 larger	 SLCA/IP	 energy	 product,	 we	 were	 unable	 to	
calculate	a	rate	for	power	specifically	at	Glen	Canyon	Dam.	However,	we	were	still	able	to	calculate	
the	 cost	 of	 firming	 purchases	 under	 different	 reservoir	 scenarios.	 The	 second	 major	 difference	
between	our	study	and	Jiang	et	al	2015,	is	that	we	did	not	consider	the	cost	to	the	individual	customer.	
This	was	due	 to	 the	 large	number	of	 customers	 that	purchase	 SLCA/IP	power	and	 the	 inability	 to	













the	 cost	of	 firming	purchases	under	maximum	generation	 scenarios	and	a	 fivefold	 increase	under	
minimum	generation	scenarios.	As	indicated	in	Figure	29	and	Table	18	our	results	also	show	that	in	
the	 average	 scenario	 where	 Glen	 Canyon	 Dam	 comprises	 75	 percent	 of	 SLCA/IP	 power	 firming	
purchases	could	make	up	between	two	and	forty	percent	of	total	SHP	(Table	FIMR).	The	increased	
cost	 of	 firming	 purchases	 would	 be	 additional	 to	 the	 cost	 of	 hydropower	 produced	 at	 the	 dam.	
Although	not	 included	 in	our	estimates,	 the	cost	of	hydropower	would	also	 increase	as	 reservoirs	
decline	due	to	Western’s	repayment	obligations.			
















































Neher	 et	 al.	 also	 found	 that	 scatterplots	 of	 historical	 Lake	 Powell	 visitation	 and	 storage	 volume	
demonstrate	 a	 horizontal	 banding	 pattern	 (as	 shown	 in	 Figure	 33),	 that	 differentiates	 winter	
66	|	LOOKING	UPSTREAM	
(November-March),	 shoulder	 (April,	 May,	 September	 and	 October)	 and	 summer	 months	 (June-
August).	 This	 trend	 indicates	 that	 the	 importance	 of	 volume	 as	 a	 predictor	 of	 visitation	 varies	
depending	 on	 the	 season,	 and	 is	 likely	 attributable	 to	 Lake	 Powell’s	 high	 altitude,	 cold	 water	









































(USBR	 2007d).	 These	 volumes	were	 then	 used	within	 the	 revised	Neher	 et	 al.	model	 equation	 to	


























































A	summary	of	 the	extended	Neher	et	al.	 regression	model	 is	 summarized	 in	Table	21.	Annual	Lake	






Variable	 Coefficients	 Standard	Error	 t	value	 P-value	
Intercept	 15,446	 11,092	 1.4	 0.17	
Lake	Volume	 0.0012	 0.0007	 1.8	 0.082	
March	 53,841	 7,585	 7.1	 0.0	
April	 71,740	 17,133	 4.2	 0.0	
May	 153,124	 17,380	 8.8	 0.0	
June	 203,227	 19,138	 10.6	 0.0	
July	 227,603	 19,390	 11.7	 0.0	
August	 192,925	 19,146	 10.1	 0.0	
September	 138,330	 17,814	 7.8	 0.0	
October	 56,670	 17,738	 3.2	 0.002	
November	 27,092	 7,587	 3.6	 0.0	
Summer	Visits	 0.0059	 0.0011	 5.2	 0.0	




















	 1996-2011	 2012-2016	 1996-2016	
P-Values	 0.991	 0.997	 0.994	








reaching	 their	absolute	minimum	water	elevations	due	 to	 the	unique	conditions	of	 their	 locations	
along	the	reservoir:	
− Antelope	 Point	 ramp	 and	 Antelope	 Point	 Public	 ramp	 are	 positioned	 along	 a	 narrow	
channel,	and	the	length	of	their	concrete	ends	where	a	cliff	begins.	Both	must	close	for	
safety	purposes	when	lake	levels	are	within	10	vertical	feet	of	the	ledge.		















3675	ft	 3625	ft	 3575	ft	 3525	ft	
Wahweap	Main	 3551.5	 Yes	 Yes	 Yes	 No	
Wahweap	Stateline	 3558.5	 Yes	 Yes	 Yes	 No	
Antelope	Point	(Public)	 3585.5	 Yes	 Yes	 No	 No	
Antelope	Point	 3586	 Yes	 Yes	 No	 No	
Castle	Rock	Cut-off	 3580	 Yes	 Yes	 No	 No	
Bullfrog	Main	 3575	 Yes	 Yes	 Yes	 No	
Bullfrog	North	 3557	 Yes	 Yes	 Yes	 No	
Halls	Crossing	 3555	 Yes	 Yes	 Yes	 No	




















Due	to	 its	proximity	 to	Page	and	the	relative	depth	of	 the	Wahweap	ramp,	Wahweap	Bay	 is	a	popular	put-in	 for	
boaters.	 	 Because	 the	 Cut	 becomes	 impassable	 well	 in	 advance	 of	 facilities	 in	 the	 Bay,	 this	 causes	 widespread	
inconvenience	to	boaters	and	the	GCNRA	employees	who	must	navigate	the	lake.	Additionally,	 in	two	of	the	four	
elevation	scenarios	we	explored,	both	Antelope	Point	ramps	and	the	Cut	are	unusable.	When	this	occurs,	boaters	do	






































model.	 	 Further	 research	may	 illuminate	 these	 factors,	 particularly	 an	 investigation	 of	 changes	 to	







River	 one	 of	 the	 most	 engineered	 river	 systems	 in	 the	 country.	 Addressing	 impacts	 from	 this	
development	on	 the	 environment	 and	native	 species	 requires	managers	 to	 consider	 new	ways	 to	




primarily	 derived	 from	 federal	 environmental	 laws	 and	 regulations	 that	 emerged	 after	 large-scale	











− Substantially	 Restored	 Ecosystems:	 extensive	 restoration	 of	 pre-dam	 processes	 and	
management	elements;	
− Fully	 Restored	 Ecosystem:	 attempt	 complete	 restoration	 of	 pre-dam	 processes	 and	
resources.		
This	range	of	options	leads	to	an	equally	broad	array	of	impacts	and	effects	on	hydropower,	revenue	








As	 concerns	about	declining	 reservoir	 levels	and	uncertainty	about	 future	water	availability	 in	 the	
basin	 remain	pressing,	 it	 is	 important	 to	consider	how	beneficial	environmental	programs	may	be	
impacted,	 both	 by	 there	 simply	 being	 less	 water	 and	 through	 potentially	 decreased	 amounts	 of	
funding	 available	 to	 support	 those	 programs.	 This	 section	 outlines	 several	 key	 environmental	
programs	in	the	Upper	Basin,	how	they	are	funded	and	managed,	and	how	they	may	be	impacted	by	
decreased	 water	 availability.	 These	 programs	 include	 sediment	 management	 strategies	 and	 how	
techniques	such	as	High	Flow	Experiments	are	used	to	mitigate	chronic	sediment	issues.	Additional	
consideration	 is	given	to	exploring	the	 issues	of	salinity	downstream	from	the	dam,	as	well	as	 the	
goals	and	status	of	cooperative	fish	recovery	programs.		
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enactment	 of	 the	 1992	 Grand	 Canyon	 Protection	 Act	 (GCPA).	 This	 action	 lead	 to	 subsequent	
environmental	impact	statements,	biological	opinions,	and	the	1996	Glen	Canyon	Dam	ROD,	which	





specific	 options	 for	 dam	 operations,	 non-flow	 actions,	 and	 appropriate	 experimental	 and	
management	actions	that	will	meet	the	GCPA’s	requirements.	It	also	works	to	minimize	impacts	on	
resources	within	the	area	impacted	by	dam	operations,	including	those	of	importance	to	American	








Glen	 Canyon	Dam	and	 other	 CRSP	 units	 provides	 funding	 for	 important	 environmental	 programs,	
approximately	$20	million	annually	(CREDA	2008).	The	AMP	Work	Group	receives	an	annual	allotment	
of	$9.5	million,	with	a	major	portion	of	their	program	budget	coming	from	the	Colorado	River	Basin	












low.	 In	 2004,	 CRSP	 had	 an	 annual	 revenue	 requirement	 of	 $143	million,	 including	 operation	 and	
maintenance,	purchase	power,	interest,	and	principal	payments	(Warren	2004).	The	amount	of	that	
requirement	today	is	likely	higher.	If	Glen	Canyon	Dam	were	not	in	operation,	or	unable	to	operate	
due	 to	 sufficiently	 low	 reservoir	 elevations,	 and	 the	 other	 CRSP	 generation	 units	 had	 to	 produce	
power	 to	 meet	 the	 existing	 demand,	 the	 power	 rates	 would	 likely	 become	 cost	 prohibitive	 for	






cover	 things	 like	 payroll	 for	 USBR	 and	 Western,	 and	 environmental	 programs	 like	 the	 Adaptive	
Management	Plan	which	partially	rely	on	funding	from	power	generation	revenues.	
It	 is	 important	 to	 note	 that	 the	 environmental	 impacts	 of	 the	 dam	 are	 not	 abated	when	 energy	















When	permanent	structures	 like	concrete	dams	are	placed	 in	a	 river	channel,	 the	ability	 for	 these	
natural	events	to	flush	sediments	through	the	river	system	become	rare,	and	in	most	cases	are	strictly	


































Disrupting	 the	natural	 flow	 regime	has	 also	had	an	 impact	on	 riparian	 vegetation.	 The	amount	of	
vegetation	along	the	river	has	 increased,	providing	more	diverse	habitat	for	wildlife	that	could	not	
have	 existed	 before	 damming	 when	 downstream	 flows	 were	 varied	 and	 irregular.	 For	 example,	
studies	 focusing	 on	 these	 post-dammed	 riparian	 habitats	 have	 discovered	 that	 the	 black-chinned	









native	 species	 like	 rainbow	 trout	 to	 benefit	 and	 gain	 an	 advantage	 over	 other	 species	 like	 the	
humpback	chub.	Predation	impacts	from	introduced	species	like	black	bullhead	catfish,	rainbow	and	
brown	trout	may	limit	native	species	populations	(Marsh	and	Douglas	1997).	Views	on	this	point	will	







Canyon	Adaptive	Management	Plan	 (USDOI	2012).	HFEs	 allow	 sand	 stored	 in	 the	 river	 channel	 to	






increased	 in	size	 following	each	controlled	 flood,	especially	when	the	releases	are	 timed	to	 follow	
sand	inputs	from	downstream	tributaries	such	as	the	Paria	River.		Though	post-HFE	erosion	continues	
to	be	a	challenge,	experimental	releases	provide	more	information	about	how	to	reform	and	refine	














Colorado	Rivers	 together	 contribute	only	a	 fraction	of	 the	pre-dam	amounts	of	 sediment	 that	 ran	
through	 the	 river.	 Sediment	 augmentation	 appraisals	 have	 been	 conducted	 by	 the	 Adaptive	
Management	 Program	 Technical	 Working	 Group.	 The	 working	 group	 determined	 that	 running	 a	


















Comprehensive	 approaches	 to	 assessing	 flow	 requirements	 can	 continue	 to	 inform	 and	 develop	
restoration	projects	in	the	future.	Creating	a	natural	flow	regime	that	mimics	the	natural	variability,	
























The	 2012	High-flow	 Experimental	 Releases	 protocol	 establishes	 an	 experimental	 plan	 pursuant	 to	
which	 the	 USBR	 will	 conduct	 high	 flow	 releases	 through	 2020.	 This	 protocol	 for	 high-flow	




















As	 the	 river	 moves	 from	 its	 headwaters	 towards	 the	 Gulf	 of	 Mexico,	 salinity	 levels	 increase	
substantially	with	salt	concentration	levels	being	amplified	by	water	withdrawals,	consumptive	use,	
and	persistent	drought.	A	majority	of	the	salts	(also	known	as	total	dissolved	solids,	including	calcium,	
magnesium,	 sodium,	 etc.)	 in	 the	 river	 are	 derived	 from	 natural	 sources	 such	 as	 saline	 springs	 or	
erosion	 from	 water	 flowing	 over	 salt	 formations	 (Pillsbury	 1981).	 For	 example,	 natural	 sources	
account	 for	up	 to	62	percent	of	 the	salt	 load	above	Hoover	Dam	 in	 the	Lower	Basin.	A	 significant	
contribution	 to	 salinity	 also	 comes	 from	 non-natural	 sources,	 primarily	 irrigation.	 Municipal	 and	
















Control	 Program	 was	 originally	 established	 in	 1975	 as	 an	 amendment	 to	 the	 1974	 act	 to	 more	






River	 Basin	 Salinity	 Control	 Program.	 Federal	 and	 state	 programs	 also	 provide	 about	 $7	 million	










$382	million	per	 year	 to	U.S.	 users,	with	projections	 that	damages	would	 rise	 to	more	 than	$614	
million	by	2035	if	the	Program	were	not	to	continue	to	be	aggressively	implemented	(Barnett	2015).	




removal	 of	 an	 additional	 555,000	 tons	 by	 2030	 (USBR	 2013).
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The	 primary	 damage	 of	 prolonged	 drought,	 lower	 in-stream	 flows,	 and	 higher	 salinity	 within	 the	
Colorado	 River	 main	 stem	 will	 be	 economic,	 with	 costs	 topping	 $1	 billion	 annually	 (Borda	 2004;	
Morford	2014).	These	greater	economic	costs	of	reacting	to	salinity	in	the	future	dwarf	the	costs	of	






























Fish Recovery Programs 
Development	of	the	river	significantly	impacted	the	fish	habitat	in	the	Upper	Basin	as	well	as	below	














with	 these	groups,	 the	Department	of	 Interior,	Western	Power,	 and	Upper	Basin	American	 Indian	
Tribes	have	collectively	implemented	the	recovery	programs,	also	receiving	financial	support	from	the	
Basin	Fund	(Ott	Verburg	2010).	
The	 Upper	 Colorado	 Fish	 Recovery	 Implementation	 Program	 and	 the	 San	 Juan	 Endangered	 Fish	
Recovery	 Implementation	Program	 receive	 a	 combined	 total	 of	 approximately	 $7	million	 annually	
from	the	Basin	Fund.	In	the	Upper	Colorado	the	program	focuses	on	four	fish	species	currently	listed	
under	the	Federal	Endangered	Species	Act	(ESA):	bonytail	chub	(Gila	elegans),	Colorado	pikeminnow	























include	 habitat	 development,	 habitat	 management,	 in-stream	 flow	 acquisition,	 non-native	 fish	




National	 Park	 areas,	 and	 could	 also	 hurt	 other	 species	 that	 support	 native	 fish	 recovery)	 (Loomis	
2013).	Humpback	chub,	for	example,	will	be	considered	eligible	for	down-listing	from	endangered	to	
threatened	when	additional	self-sustaining	populations	 form,	essential	habitat	 is	 legally	protected,	
and	 identifiable	 threats	 are	 removed	 (UCREFRP	 2015).	 The	 creation	 of	 Glen	 Canyon	 Dam	 rapidly	
changed	the	ecological	conditions	to	which	fish	species	had	adapted	and	evolved	over	time.	These	
new	conditions	 facilitated	 the	proliferation	of	non-native	 species	at	 the	expense	of	native	 species	





health	 necessary	 for	 the	 survival	 of	 threatened	 fish	 species.	 As	 a	 deeper	 understanding	 of	 the	
connectedness	of	these	systems	is	understood,	and	a	clearer	concept	of	how	actions	upstream	have	
complex	 impacts	 throughout	 the	 system,	 proactive	 strategies	 can	 be	 prioritized.	 The	 Endangered	
Species	 Act	 has	 provided	 a	 framework	 for	 action,	 and	 the	 dynamic,	 ever-changing	 nature	 of	


























managers	 in	 developing	 holistic,	 basin-wide	management	 goals	 to	 address	 issues	 that	 impact	 the	
entire	region.	The	challenges	of	sediment	management	and	impacts	of	alteration	of	natural	seasonal	









Basin,	 generate	 hydropower,	 provide	 recreational	 opportunity,	 and	 contribute	 to	 environmental	







low	 elevations.	 Concerns	 arise	 over	 increasing	 water	 demands	 and	 legal	 ambiguities	 that	 create	
uncertainty	for	water	management	should	reservoir	levels	drop	low	enough	to	require	Upper	Basin	
curtailments.	 Changes	 in	 winter	 precipitation,	 temperature	 patterns,	 and	 timing	 of	 spring	 runoff	










curtailment,	but	also	help	water	users	understand	 their	place	 in	 this	 complex,	but	 interconnected	
system	where	one	water	user	is	linked	to	another.	
Under	 the	 current	 power	marketing	 system,	 declining	 reservoirs	 in	 Lake	 Powell	 will	 result	 in	 the	
increased	cost	of	power	for	utilities	that	purchase	power	from	Glen	Canyon	Dam.	Our	analysis	shows	
that	the	amount	of	firming	purchases	required	in	order	to	meet	Western’s	Sustainable	Hydropower	








is	 that	 alternative	 sources	of	 energy	may	need	 to	be	 identified.	As	 the	quantity	 and	 frequency	of	
firming	purchases	 increase,	 the	 total	 cost	of	 these	purchases	may	 require	managers	 to	 reconsider	
current	power	marketing	plans.	The	development	of	the	West	has	relied	on	the	benefits	provided	by	









local	 Page	 economy,	 decreases	 in	 Lake	 Powell	 visitation	 could	 cause	 a	 corresponding	 decrease	 in	












environmental	 outcomes	 rely	 on	 a	 shift	 in	 project	 priorities.	 Emphasizing	 management	 and	
implementation	programs	that	operate	in	a	holistic	manner	and	allow	for	periodic	reassessment	and	












must	 be	 taken	 into	 consideration	 by	managers	when	 determining	 how	 to	 operate	 the	 system	 as	
whole.	 This	 suggests	 that	 there	 will	 be	 no	 single	 optimal	 management	 strategy	 for	 river	 or	 dam	
operations,	 but	 that	different	 constituent	 groups	must	 accept	 tradeoffs	made	during	 the	decision	
process.	
Drought	 conditions	 and	 the	 resulting	 decline	 in	 Lake	 Powell	 storage	 only	 complicate	 this	 already	
complex	political	landscape.	The	magnitude	of	the	challenge	should	not	be	a	discouraging	factor	for	
engagement.	It	 is	our	hope	that	information	detailed	in	this	report	will	add	to	the	existing	body	of	
































































































































































































































































































































































































































































































































































































































































































































Appendix A:  Full list of CRSP Customers	(Western	n.d.a)	
	
Customer	
	
Customer	Type	 State	
Acoma	Pueblo	 Native	American	Tribes	 NM	
Aggregated	Energy	Services	 Cooperatives	 AZ	
AK-Chin	Indian	Community	 Native	American	Tribes	 AZ	
Alamo	Navajo	Chapter	 Native	American	Tribes	 NM	
Albuquerque	Operation-DOE	 Federal	Agencies	 NM	
Arizona	Electric	Power	Cooperative	 Cooperatives	 AZ	
Arkansas	River	Power	Authority	 Municipalities	 CO	
Aspen,	City	of	 Municipalities	 CO	
Aztec,	City	of	 Municipalities	 NM	
Basin	Electric	Power	Cooperative	 Cooperatives	 ND	
Black	Hills	Power	and	Light	 Investor-owned	Utilities	 SD	
Brigham	City,	City	of	 Municipalities	 UT	
Burbank,	City	of	 Municipalities	 CA	
Cannon	Air	Force	Base	 Federal	Agencies	 NM	
Canoncito	Navajo	Chapter	 Native	American	Tribes	 NM	
Cargill-Alliant,	LLC	 Power	Marketers	 MN	
Center,	Town	of	 Municipalities	 CO	
Central	Valley	Electric	Cooperative	 Cooperatives	 NM	
Chandler	Heights	Citrus	 Irrigation	Districts	 AZ	
Cocopah	Indian	Tribe	 Native	American	Tribes	 AZ	
Colorado	River	Agency-BIA	 Native	American	Tribes	 AZ	
Colorado	River	Commission	of	Nevada	 State	Agencies	 NV	
Colorado	River	Indian	Tribe	 Native	American	Tribes	 AZ	
Colorado	Springs	Utilities	 Municipalities	 CO	
De	Cochiti	Pueblo	 Native	American	Tribes	 NM	
Defense	Depot	Ogden	 Federal	Agencies	 UT	
Delta,	City	of	 Municipalities	 CO	
Deseret	Generation	and	Transmission	 Cooperatives	 UT	
Electrical	District	2	 Irrigation	Districts	 AZ	
Electrical	District	3	(APS)	Pinal	 Irrigation	Districts	 AZ	
Electrical	District	4	 Irrigation	Districts	 AZ	
Electrical	District	5	Pinal	 Irrigation	Districts	 AZ	
Electrical	District	6	Pinal	(SRP)	 Irrigation	Districts	 AZ	
Electrical	District	7	Maricopa	County	 Irrigation	Districts	 AZ	
Farmers	Electric	Cooperative	 Cooperatives	 NM	
Farmington,	City	of	 Municipalities	 NM	
Fleming,	Town	of	 Municipalities	 CO	
Fort	Mojave	Indian	Tribe	 Native	American	Tribes	 AZ	
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Fort	Morgan,	City	of	 Municipalities	 CO	
Frederick,	Town	of	 Municipalities	 CO	
Ft.	McDowell	Yavapai	Nation	 Native	American	Tribes	 AZ	
Gallup,	City	of	 Municipalities	 NM	
Gila	River	Indian	Community	 Native	American	Tribes	 AZ	
Glenwood	Springs,	City	of	 Municipalities	 CO	
Grand	Valley	Electric	Cooperative	 Cooperatives	 CO	
Gunnison,	City	of	 Municipalities	 CO	
Havasupai	Tribe	 Native	American	Tribes	 AZ	
Haxtun,	Town	of	 Municipalities	 CO	
Heber	Light	and	Power	 Municipalities	 UT	
Helper,	City	of	
	
Municipalities	 UT	
Hill	Air	Force	Base	 Federal	Agencies	 UT	
Holloman	Air	Force	Base	 Federal	Agencies	 NM	
Holy	Cross	Electric	Association	 Cooperatives	 CO	
Holyoke,	City	of	 Municipalities	 CO	
Hopi	Tribe	 Native	American	Tribes	 AZ	
Hualapai	Tribe	 Native	American	Tribes	 AZ	
Intermountain	Rural	Electric	Association	 Cooperatives	 CO	
Isleta	Pueblo	 Native	American	Tribes	 NM	
Jemez	Pueblo	Tribe	 Native	American	Tribes	 NM	
Jicarilla	Apache	Tribe	 Native	American	Tribes	 NM	
JP	Morgan	Ventures	Energy	 Power	Marketers	 NY	
Kirtland	Air	Force	Base	 Federal	Agencies	 NM	
Laguna	Pueblo	Tribe	 Native	American	Tribes	 NM	
Las	Vegas	Piute	Tribe	 Native	American	Tribes	 NV	
Lea	County	Electric	Cooperative	 Cooperatives	 NM	
Los	Alamos	County	 Municipalities	 NM	
Luke	Air	Force	Base	 Federal	Agencies	 AZ	
Maricopa	County	MWCD	No.	1	 Irrigation	Districts	 AZ	
Mesa,	City	of	 Municipalities	 AZ	
Mescalero	Apache	Tribe	 Native	American	Tribes	 NM	
Morgan	Stanley	 Power	Marketers	 NY	
Nambe	Pueblo	Tribe	 Native	American	Tribes	 NM	
Navajo	Agricultural	Products	Ind.	 Native	American	Tribes	 NM	
Navajo	Tribal	Utility	Authority	 Native	American	Tribes	 AZ	
Navopache	Electric	Cooperative	 Cooperatives	 AZ	
Needles,	City	of	 Municipalities	 CA	
Nevada	Energy	 Investor-owned	Utilities	 NV	
Oak	Creek,	Town	of	 Municipalities	 CO	
Ocotillo	 Irrigation	Districts	 AZ	
PacifiCorp	 Investor-owned	Utilities	 OR	
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Page,	City	of	 Municipalities	 AZ	
Pascua	Yaqui	Tribe	 Native	American	Tribes	 AZ	
Piaute	Indian	Tribe	of	Utah	 Native	American	Tribes	 UT	
Picuris	Pueblo	Tribe	 Native	American	Tribes	 NM	
Platte	River	Power	Authority	 Municipalities	 CO	
Pojaque	Pueblo	 Native	American	Tribes	 NM	
Powerex	 Power	Marketers	 CAN	
Price,	City	of	 Municipalities	 UT	
Public	Service	Company	of	Colorado	 Investor-owned	Utilities	 CO	
Public	Service	Company	of	New	Mexico	 Investor-owned	Utilities	 NM	
Ramah	Navajo	Chapter	 Native	American	Tribes	 NM	
Resource	Management	 Cooperatives	 AZ	
Roosevelt	County	Electric	Cooperative	 Cooperatives	 NM	
Roosevelt	Irrigation	District	 Irrigation	Districts	 AZ	
Roosevelt	WC	District	 Irrigation	Districts	 AZ	
Safford,	City	of	 Municipalities	 AZ	
Salt	River	Pima-Maricopa	 Native	American	Tribes	 AZ	
Salt	River	Project	 State	Agencies	 AZ	
San	Carlo	Apache	Tribe	 Native	American	Tribes	 AZ	
San	Carlos	Irrigation	Project-BIA	 Native	American	Tribes	 AZ	
San	Felipe	Pueblo	 Native	American	Tribes	 NM	
San	Ildefonso	Pueblo	 Native	American	Tribes	 NM	
San	Juan	Pueblo	 Native	American	Tribes	 NM	
San	Tan	Irrigation	District	 Irrigation	Districts	 AZ	
Sandia	Pueblo	 Native	American	Tribes	 NM	
Santa	Ana	Pueblo	 Native	American	Tribes	 NM	
Santa	Clara	Pueblo	 Native	American	Tribes	 NM	
Santo	Domingo	Pueblo	 Native	American	Tribes	 NM	
Silver	State	Energy	Association	 Power	Marketers	 NV	
South	Texas	Electric	Cooperative	 Cooperatives	 TX	
Southern	Ute	Indian	Tribe	 Native	American	Tribes	 CO	
St.	George,	City	of	 Municipalities	 UT	
Sulphur	Springs	Valley	Electric	Cooperative	 Cooperatives	 AZ	
Taos	Pueblo	 Native	American	Tribes	 NM	
Tesuque	Pueblo	 Native	American	Tribes	 NM	
Thatcher,	Town	of	 Municipalities	 AZ	
Tohono	O’odham	Utility	Authority	 Native	American	Tribes	 AZ	
Tonto	Apache	Tribe	 Native	American	Tribes	 AZ	
Tooele	Army	Depot	 Federal	Agencies	 UT	
Torrington,	City	of	 Municipalities	 WY	
TransAlta	Energy	Marketing	(US)	 Power	Marketers	 CAN	
Tri-State	Generation	and	Transmission	Assoc.	 Cooperatives	 CO	
110	|	LOOKING	UPSTREAM	
Customer	 Customer	Type	 State	
Truth	or	Consequences,	City	of	 Municipalities	 NM	
Tucson	Electric	Power	Company	 Investor-owned	Utilities	 AZ	
University	of	Utah	 State	Agencies	 UT	
Utah	Associated	Municipal	Power	Systems	 Municipalities	 UT	
Utah	Municipal	Power	Agency	 Municipalities	 UT	
Utah	State	University	 State	Agencies	 UT	
Ute	Indian	Tribe	 Native	American	Tribes	 UT	
Ute	Mountain	Ute	Tribe	 Native	American	Tribes	 CO	
Wellton-Mohawk	Irrigation	District	 Irrigation	Districts	 AZ	
Willwood	Light	and	Power	Company	 Cooperatives	 WY	
Wind	River	Reservation	 Native	American	Tribes	 WY	
Wray,	City	of	 Municipalities	 CO	
Wyoming	Municipal	Power	Agency	 Municipalities	 WY	
Yampa	Valley	Electric	Association	 Cooperatives	 CO	
Yavapai	Apache	Nation	 Native	American	Tribes	 AZ	
Yavapai	Prescott	Indian	Tribe	 Native	American	Tribes	 AZ	
Yomba	Shoshone	Tribe	 Native	American	Tribes	 NV	
Yuma	Proving	Grounds	 Federal	Agencies	 AZ	
Yuma,	City	of	 Municipalities	 CO	
Zia	Pueblo	 Native	American	Tribes	 NM	
Zuni	Pueblo	 Native	American	Tribes	 NM	
	
